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This  report  deals  with  an  investigation  into  the  feasibility  of  using  the 
Airstream  Direotion  Detector  as  a  means  of  measuring  aircraft  incidence  in 
normal  flight,  with  a  view  to  its  use  in  the  weapons  sighting  system.  As  a 
result  of  this  investigation  it  is  recommended  that  this  system  of  measuring 
aircraft  inoidence  in  flight  be  brought  to  the  notioe  of  all  interested 
parties,  especially  those  conerned  with  Weapon  Sighting  Systems. 


This  Report  is  issued  with  the  authority  of 
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Introduction 


Current  Sighting  systems  for  air-to-air  unguided  weapons  ignore  changes 
in  aircraft  all-up  weight,  Mach  Number  and  aircraft  configuration  when  computing 
aircraft  attitude.  The  sighting  errors  thus  produced  are  not  always  insignificant. 
A  simple  method  has  long  been  sought  whereby  measurement  of  a  single  parameter 
might  be  directly  related  to  aircraft  incidence  during  flight,  and  such  informa¬ 
tion  passed  directly  to  the  sight  computing  system.  To  this  end  it  was  considered 
that  certain  components  of  the  Airstream  Direction  Detector"  could  be  utilised. 

2.  Ob.iect  of  Trial 

The  trial  was  carried  out  to  ascertain  whether  the  Airstream  Direction 
Detector  probe  incidence  could  be  simply  related  to  aircraft  incidence  in  normal 
flight. 

3.  Description  of  Installation 

In  order  to  obtain  fine  readings,  the  A.D.D.  probe  of  Sea  Vixen  Mk.1 
XJ.564  was  connected  to  a  30°  potentiometer  in  place  of  the  standard  50°  item, 
Movements  of  the  probe  were  reproduced  on  the  photographic  trace  of  a  C.I.D. 
recorder,  together  with  time  scale,  altitude,  * g •  and  indicated  airspeed  traces. 
Control  of  the  recorder  was  effected  by  the  camera  button  and  firing  trigger  on 
the  pilot's  control  column, 

4.  Derivation  of  fcne  Test  Method 

It  was  necessary  to  establish  the  wing  incidence  of  the  aircraft  over  a 
wide  range  of  airspeeds,  altitudes  and  all-up  weights  in  order  that  it  might  be 
compared  with  the  A.D.D.  reading. 

Two  sources  of  information  were  available:- 

(a)  From  results  of  previous  A.  &  A.E.E.  trials,  the  incidence  of  the 
Sea  Vixen  Mk.1  aircraft  had  been  established  with  reasonable  accuracy 
(inolinometer  method  -  Figures  l(a),  (b)  and  (c))  for  the  following 
limited  conditions :- 

(i)  All-up  weights:-  31 >000  lb.  and  35>°00  lb. 

(ii)  Altitudes:-  Sea  Level,  20,000  ft,  and  40,000  ft. 

(iii)  Configuration:-  Aircraft  fitted  with  four,  twenty-four  tube 
launchers. 


These  incidence  plots  (see  Figure  l)  are  referred  to  in  later  paragraphs 
and  tables  as  the  A.  &  ^.E.E.  curves. 

(b)  Wind  tunnel  lifV incidence/Mach  Number  curves  for  the  Sea  Vixen  Mk.1 
aircraft  supplied  by  De  Havillsnd  Aircraft  Co.  Ltd.,  (no  flight  results 
were  available  to  confirm  the  accuracy  of  the  curves). 

A  Pegasus  digit- 1  computer  was  programmed'  to  give  aircraft  incidence  from 
a  knowledge  of  equivalent  airspeed,  altitude  and  all-up  weight,  using  De 
Havilland  data.  Conditions  of  equivalent  airspeed,  altitude  and  all-up  weight 
corresponding  to  those  known  froa  the  A.  .1  A.S.E.  curves  were  fed  Into  the 
coqputor,  and  Incidence  of  figures  were  obtained.  The  differences  between 
the  A.  A  A.2.S.  curves  and  the  computed  incidence  figures  were  found  to  vary 
froa  7  to  9  ailliradians  (17?  ailliradians  =  1  degree  approx.)  for  all  heights 
and  speeds  where  comparison  was  possible  (see  Table  l). 
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(a)  The  A.  &  A.E.E.  curves  which  were  derived  from  flight  tests 
correct. 

(b)  Figures  from  the  Pegasus  computer  do  not  agree  with  the  A.  &  A.E.E. 
figures  by  7  to  9  milliradians  under  c ertain  conditions,  therefore  the 
computed  figures  have  a  "zero  shift"  under  all  conditions,  (see  Figure  2). 
Hence  "True  Incidence"  for  any  condition  can  be  obtained  from  "Computed 
Incidence"  corrected  for  the  zero  shift. 

5.  fethod  of  Trial 

For  each  flight  the  aircraft  was  prepared  to  the  standard  configuration 
(four  twenty-four  tube  launchers,  two  on  each  vdn-)  with  full  fuel  tanks.  On 
reaching  a  pre-determined  altitude,  the  aircraft  was  florn  straight  and  level 
at  a  selected  indicated  air  speed,  and  the  fuel  state  was  noted.  The  C.I.D, 
recorder  was  then  operated  by  the  pilot,  for  rpproximately  ten  seconds.  At  the 
end  of  the  run  the  fuel  state  was  again  noted.  This  procedure  was  repeated  for 
various  speeds  at  the  altitude  selected  for  that  flight.  In  this  way,  a  total 
of  13  successful  flights  was  made,  oovering  altitude,  indicated  airspeed,  and 
all-up  weight  ranges  of 

(a)  1,000  to  45,000  feet 

(b)  200  to  500  knots 

(c)  31,600  to  36,150  pounds 

6.  Results  of  Trials 

The  results  of  trials,  given  in  table  2,  suggested  that  the  siiq>le 
relationship  -  A.D.D.  reading  equals  True  Incidence^-  was  relevant.  In  fact, 
as  shown  in  Table  2  and  Figure  3 ,  there  was  a  maximum  inequality  of  5 
milliradians.  Examination  of  the  figures  in  column  2  of  Table  3  shows  that 
correlation  exists  between  altitude  and  "the  mean  value  of  the  "difference", 

(see  Table  4).  This  may  be  attributed  to  many  sources  including  slight  inac¬ 
curacies  in  the  A.  A  A.E.E.  curves  and/or  the  De  Havilland  data.  However,  the 
inequalities  found  are  small,  and  it  is  considered  that  for  all  practical 
purposes  the  assumptions  made  in  para  4  above  have  been  substantiated,  and 
that  the  function  quoted  abov^has  been  shown  to  apply. 

7.  Conclusions 

It  is  conoluded  that:- 

(a)  In  the  four  twenty-four  tube  launchers  configuration,  an  Airstream 
Direction  Detector  probe,  fitted  in  the  normal  position  on  the  Sea  Vixen 
Uk.1  aircraft,  is  capable  of  giving  an  accurate  indication  of  aircraft 
incidence. 

(b)  The  damped  output  from  the  Airstream  Direction  Detector  oould  be  fed 
to  a  suitably  modified  sight  computer  to  increase  the  accuracy  of  the 
Pilot  Attack  Sight  Systea. 

8RsOOMMBditiOIU 


It  ia  recommended  that  this  system  of  measuring  aircraft  incidence  in 
flight  be  brought  to  the  notloe  of  all  interested  parties,  especially  those 
oonoemed  with  Weapon  Sighting  Systems. 

Reference 

De  Havilland  Airoraft  Co.  Ltd.,  Report  Number  AD  llty'Oj/ll,  figure  3, 
Issue  2,  dated  17th  March,  I960,  "D.H.110  Mk.20  Sea  Vixen  Lift  Carpet". 
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